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(54) OFDM COMMUNICATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an OFDM communication device capable 
of conducting high quality transmission even if electric power for synchronization 
preamble is reduced. 

SOLUTION: At a symbol synchronization method in an OFDM communication 
devicea zero amplitude reduced preamble signal is obtained by passing a 
predetermined synchronization preamble into an ideal low-pass filter to reduce 
signal components near a zero amplitude in a time domain. An OFDM signal to be 
transmitted is generated by time-multiplexing the zero amplitude reduced 
preamble signal with data to be transmitted. At a receiver sidereciprocal 
correlation between a predetermined synchronization preamble having a pattern 
same as a transmitter side and a received signal is determinedand a 
synchronization position is detected based on the cross correlation. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a transmitter in an OFDM communication device which performs a 
synchronization between a transmitter and a receiver using a preamble for a 
synchronization 

A transmitter in an OFDM communication device time-multipled-generating an 
OFDM sending signal by using as send data a zero amplitude reduction preamble 
signal which reduced and obtained a signal component near [ in a segment of 
time ] the zero amplitude by letting an ideal low pass filter pass for a 
predetermined preamble for a synchronization. 



[Claim 2] 

A transmitter in the OFDM communication device according to claim 1 wherein said 
ideal low pass filter possesses a zero filling part which carries out zero filling of 
the ingredient more than predetermined frequency of an output of an FFT section 
which carries out Fast Fourier Transform (FFT) of the input signaland this FFT 
section. 
[Claim 3] 

A transmitter in the OFDM communication device according to claim 2wherein said 
ideal low pass filter is constituted by table which memorized a value obtained 
when it lets said ideal low pass filter pass for this input signal corresponding to a 
value of each input signal. 
[Claim 4] 

A transmitter in the OFDM communication device according to claim 1 wherein said 
ideal low pass filter is constituted by table which memorized a value obtained 
when it lets said ideal low pass filter pass for this input signal corresponding to a 
value of each input signal. 
[Claim 5] 

It is used for any 1 paragraph of said claims 1 thru/or 4 with a transmitter of a 
statementA receiver in an OFDM communication device possessing a synchronous 
timing primary detecting element which searches for cross correlation of a 
predetermined preamble for a synchronization of the same pattern as the 
transmitting sideand an input signaland detects a synchronous position based on 
this cross correlation. 
[Claim 6] 

A receiver in the OFDM communication device according to claim 5 making into a 
synchronous position a position which shifted only predetermined timing from a 
peak position of said cross correlation. 
[Claim 7] 

It is an OFDM communication device which performs a synchronization between a 
transmitter and a receiver using a preamble for a synchronization 
A transmitter which time-multipled-generates an OFDM sending signal by using as 
send data a zero amplitude reduction preamble signal which reduced and obtained 
a signal component near [ in a segment of time ] the zero amplitude by letting an 
ideal low pass filter pass for a predetermined preamble for a synchronizationAnd a 
receiver provided with a synchronous timing primary detecting element which 
searches for cross correlation of a predetermined preamble for a synchronization 
of the same pattern as the transmitting sideand an input signaland detects a 
synchronous position based on this cross correlation 
A providing OFDM communication device. 
[Claim 8] 

The OFDM communication device according to claim 7wherein said ideal low pass 
filter possesses a zero filling part which carries out zero filling of the ingredient 
more than predetermined frequency of an output of an FFT section which carries 
out Fast Fourier Transform (FFT) of the input signaland this FFT section. 



[Claim 9] 

The OFDM communication device according to claim 7 or 8wherein said ideal low 
pass filter is constituted by table which memorized a value obtained when it lets 
said ideal low pass filter pass for this input signal corresponding to a value of each 
input signal. 
[Claim 10] 

The OFDM communication device according to claim 7 making into a synchronous 
position a position which shifted only predetermined timing from a peak position of 
said cross correlation in said receiver. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

In the OFDM communication device which performs the symbol synchronization 
between a transmitter and a receiver especially using the preamble for a 
synchronization about the symbol synchronization method [ in / in this invention / 
an orthogonal frequency division multiplex (OFDM) communication apparatus ]Even 
when the electric power of the preamble for a synchronization is reducedit is 
related with the art of enabling it to prevent degradation of a communication 
characteristic. 
[0002] 

[Description of the Prior Art] 

Drawing 9 shows the composition of the outline of the conventional OFDM 
communication device of performing the symbol synchronization in the case of 
performing OFDM communication using the preamble for a synchronization. The 
communication apparatus of the figure equips the transmitter side with the 
preamble generating part 91the data supply part 93the time multipled part 95the 
zero insert portion 97the reverse Fast Fourier Transform (IFFT) part 95and the 
guard-intervals (GI) insert portion 101. 
[0003] 

The receiver end is equipped with the portion which supplies the preamble 
(tx_preamble) of the segment of time provided with the preamble generating part 
9 lathe zero insert portion 97aIFFT part 99aand the GI insert portion 101aand the 
synchronous timing primary detecting element 107. The synchronous timing 
primary detecting element 107 has the cross correlation calculation part 103 and 
the synchronous timing calculation part 105. 
[0004] 

In such compositiontime multipled of the preamble data of the prescribed pattern 
supplied to the transmitter side from the preamble generating part 91 and the data 
for transmission supplied from the data supply part 93 is carried out in the time 
multipled part (MUX) 95. In IFFT part 99the data by which time multipled was 



carried out performs reverse Fast Fourier Transformafter performing zero 
insertion (eye zero **) for preventing interference with an external signal in the 
zero insert portion 97 etc. Nextin the GI insert portion 101 in order to oppress 
multipath interferenceguard intervals (GI) are addedand the transmitting OFDM 
signal which consists of an OFDM symbol which consists of guard intervals and an 
information part is generated. 
[0005] 

In a receiver endthe preamble (tx_preamble) for a synchronization of the segment 
of time generated by the same pattern as the transmitter side is generated. This 
preamble for a synchronization is generated by the preamble generating part 
91athe zero insert portion 97aIFFT part 99aand the GI insert portion 101a. The 
input signal and cross correlation to which the preamble (tx_preamble) for a 
synchronization of such a segment of time was sent from the transmitter side in 
the cross correlation calculation part 103 are calculated. The synchronous timing 
calculation part 105 searches for the position which shifted only predetermined 
time from the position of this peak valueand generates synchronous timing data. 
This can perform the symbol synchronization of the transmitter side and receiver 
end in an OFDM communication device. 
[0006] 

Howeverthe preamble (txj>reamble) for a synchronization used in order to search 
for cross correlation by a receiver end has Gaussian distributiona dynamic range 
needs the number of bits of a large part manyand the computational complexity in 
the cross correlation calculation part 103 becomes huge. For this reasonquantizing 
the preamble for a synchronization of a segment of time to 1 bitand reducing the 
computational complexity of the cross correlation calculation part 103 as a 
preamble for a synchronizationis proposed. ("Timing synchronization method of 
OFDM communication system in frequency-selective-fading environment"Institute 
of Electronicslnformation and Communication Engineers paper magazine Band 
Vol.J84-B No.7.pp.1 255-1 264 July2001even others.) 
[0007] 

[Problem(s) to be Solved by the Invention] 

As mentioned abovein conventional technologycalculation of the cross correlation 
of the preamble for a synchronization of a segment of time and an input signal not 
having mostly practical computational complexitytherefore quantizing the preamble 
for a synchronization to 1 bitsince the amplitude distribution of both signals is 
Gaussian distribution of the average value Oand using is proposed. In an OFDM 
communication devicein order to reduce the interference to the computation time 
of cross correlationand the data of the preamble for a synchronizationit is 
desirable to reduce the transmission power of the preamble for a synchronization 
as much as possible. Howeverwhen the preamble for a synchronization was 
quantized and used for 1 bit as mentioned aboveand the transmission power of the 
preamble for a synchronization was reducedthere was inconvenience that 
communication characteristicssuch as a bit error rate (BER)will deteriorate. 
[0008] 



Thereforean object of this invention is to provide the symbol synchronization 
method in the OFDM communication device which can make characteristic 
degradation less than beforealso when the transmission power of the preamble for 
a synchronization is reduced in view of the problem in the above-mentioned 
conventional technology. 
[0009] 

[Means for Solving the Problem] 

According to one mode of this inventiona transmitter in an OFDM communication 
device which performs a synchronization between a transmitter and a receiver 
using a preamble for a synchronization is providedThis transmitter time-multipled- 
generates an OFDM sending signal by using as send data a zero amplitude 
reduction preamble signal which reduced and obtained a signal component near 
[ in a segment of time ] the zero amplitude by letting an ideal low pass filter pass 
for a predetermined preamble for a synchronization. 
[0010] 

In this caseif said ideal low pass filter possesses a zero filling part which carries 
out zero filling of the ingredient more than predetermined frequency of an output 
of an FFT section which carries out Fast Fourier Transform (FFT) of the input 
signaland this FFT sectionit is convenient. 
[0011] 

A table which memorized a value obtained when it lets said ideal low pass filter 
pass for this input signal corresponding to a value of each input signal can 
constitute said ideal low pass filter. 
[0012] 

If said ideal low pass filter is constituted by table which memorized a value 
obtained when it lets said ideal low pass filter pass for this input signal 
corresponding to a value of each input signalit is convenient. 
[0013] 

In another mode of this inventionit is used with said transmittercross correlation 
of a predetermined preamble for a synchronization of the same pattern as the 
transmitting side and an input signal is searched forand a receiver in an OFDM 
communication device possessing a synchronous timing primary detecting element 
which detects a synchronous position based on this cross correlation is provided. 
[0014] 

In this caseit is convenient if a position which shifted only predetermined timing 
from a peak position of said cross correlation is made into a synchronous position. 
[0015] 

In another mode of this inventionan OFDM communication device which performs 
a synchronization between a transmitter and a receiver using a preamble for a 
synchronization is providedA transmitter which this OFDM communication device 
carries out time multipled of the zero amplitude reduction preamble signal which 
reduced and obtained a signal component near [ in a segment of time ] the zero 
amplitude by letting an ideal low pass filter pass for a predetermined preamble for 
a synchronization to send dataand generates an OFDM sending signalAnd cross 



correlation of a predetermined preamble for a synchronization of the same pattern 
as the transmitting side and an input signal is searched forand a receiver provided 
with a synchronous timing primary detecting element which detects a synchronous 
position based on this cross correlation is provided. 
[0016] 

In this caseif said ideal low pass filter possesses a zero filling part which carries 
out zero filling of the ingredient more than predetermined frequency of an output 
of an FFT section which carries out Fast Fourier Transform (FFT) of the input 
signaland this FFT sectionit is convenient. 
[0017] 

Said ideal low pass filter can be constituted by table which memorized a value 
obtained when it lets said ideal low pass filter pass for this input signal 
corresponding to a value of each input signal. 
[0018] 

It is convenient if a position which shifted only predetermined timing from a peak 
position of said cross correlation in said receiver is made into a synchronous 
position. 
[0019] 

[Embodiment of the Invention] 

With reference to drawingsit explains per desirable embodiment of this invention 
below. 

Drawing 1 shows the composition of the outline of the OFDM communication 
device concerning one embodiment of this invention. The communication 
apparatus of the figure to the transmitter side The preamble generating part 1 and 
the Fast Fourier Transform (FFT) part 3It has the synchronizing signal generating 
section 10 which has the zero filling part 5the data supply part 7the zero insert 
portion 9the time multipled part (MUX) 1 1the reverse Fast Fourier Transform 
(IFFT) part 13and the guard-intervals (GI) insert portion 15. 
[0020] 

To a receiver end. It has the synchronous timing primary detecting element 20 
having the cross correlation calculation part 19 and the synchronous timing 
calculation part 21 and the preamble feed zone 17 which generates the preamble 
(org_preamble) for a synchronization of the same pattern as what is outputted 
from the preamble generating part 1 by the side of said transmitter. 
[0021] 

In the OFDM communication device shown in drawing 1t he synchronizing signal 
generating section 10 generates a zero amplitude reduction preamble signal in the 
transmitter side. That isthe preamble signal (org_preamble) of the basis of the 
prescribed pattern supplied from the preamble generating part 1 is supplied to the 
ideal low pass filter (ideal LPF) which consists of FFT section 3 and the zero filling 
part 5. This ideal LPF is realized by carrying out zero filling of the ingredient of 
frequency higher than a predetermined pass bandafter carrying out Fast Fourier 
Transform of the preamble signal of a basis in FFT section 3. That isideal LPF is 
realized by carrying out zero filling of the ingredient of the frequency more than 



predetermined frequency. 
[0022] 

Such ideal LPF can consist of tables which memorized the value obtained when it 
lets ideal LPF pass for this input signal corresponding to the value of each input 
signal practical. Ideal LPF with quick speed of response is realizable with easy 
composition by constituting using such a tableso that the output signal over a 
certain input signal may be acquired. 
[0023] 

Thusthe acquired zero amplitude reduction preamble signal X is supplied to the 
time multipled part 11. In the zero insert portion 9like the above-mentioned 
conventional technologyafter the data for transmission given from the data supply 
part 7 performs zero insertionit is supplied to the time multipled part 1 land time 
multipled is carried out to the above-mentioned zero amplitude reduction preamble 
signal X. This signal by which time multipled was carried out performs reverse Fast 
Fourier Transform in IFFT part 13and inserts guard intervals in the GI insert 
portion 15. A transmitting OFDM signal is acquired by this. 
[0024] 

In a receiver endan input signal is acquired by receiving via the communications 
channel of a request of the transmitting OFDM signal acquired by doing in this way. 
This input signal calculates cross correlation with the 1-bit preamble 
(org_preamble) for a synchronization before letting ideal LPF pass at the 
transmitting side in the cross correlation calculation part 19. This cross correlation 
value has a peak value into a predetermined timing portion. The synchronous 
timing calculation part 21 computes the position which shifted only prescribed 
timing from the position of this peak value as a synchronous position. This can 
attain a symbol synchronization with a receiver end the transmitter side. 
[0025] 

Drawing 2 shows the amplitude pair PDF characteristic of the zero amplitude 
reduction preamble signal used in the OFDM communication device of this 
inventionand the preamble signal for a synchronization in conventional technology. 
HerePDF is a frequency function. As compared with the conventional thingthe 
signal component of the preamble [ for a synchronization ] concerning this 
invention near the zero has decreased so that clearly from drawing 2 . Thereforean 
instant career versus a noise ratio (CNR) is conjectured that the probability which 
gets remarkably bad decreasesand may be able to reduce the transmission power 
of the preamble for a synchronization. 
[0026] 

Drawing 3 shows the relation of the cumulative distribution function (CDF) to the 
electric power of the zero amplitude reduction preamble signal of this inventionand 
the conventional preamble signal for a synchronization. It turns out that the small 
thing of the preamble [ for a synchronization ] concerning this invention of electric 
power has decreased as distribution so that clearly from this relation. 
[0027] 

In order to check the effect of this invention as compared with conventional 



technologyit evaluated using the simulation model shown in drawing 4 and drawing 
5. 

Drawing 4 shows the simulation model of a communication apparatus which has 
the composition concerning this invention. It is almost the same as the 
composition of the transmitting side of the communication apparatus with which 
the transmitting side is shown in drawing 1 in the composition of drawing 4 It has 
the preamble generating part 41FFT section 43the zero filling part 45the data 
supply part 47the QPSK modulation part 48the zero insert portion 49the time 
multipled part 51IFFT part 53and the GI insert portion 55. Howeverit is shown that 
the QPSK modulation part 48 is formed between the data supply part 47 and the 
zero insert portion 49. 
[0028] 

In order to evaluate the signal by the side of the transmitter of above drawing 
4The multipath fading channel 57the adding machine 59the white noise (AWGN) 
generator 61the synchronous timing primary detecting element 63the GI removing 
part 65FFT section 67QPSK demodulation part 69and the anglerfish dead BER 
calculation part 71 are formed. 
[0029] 

The transmitting side is provided with the preamble generating part 73the data 
supply part 75the QPSK modulation part 77the time multipled part 79the zero 
insert portion 81IFFT part 83and the GI insert portion 85 as well as the 
composition by the side of the transmitter of said drawing 9 in the simulation 
model of the conventional example of drawing 5 . In drawing S it is shown that the 
QPSK modulation part 77 is formed between the data supply part 75 and the time 
multipled part 79. The composition of the portion evaluated in response to a signal 
from the such transmitter side is the same as drawing 4 and is shown by the same 
reference number. 
[0030] 

Howeverthe synchronous timing primary detecting element 63 of drawing 4 and 
drawing 5 has the same composition as the synchronous timing primary detecting 
elements 20 and 107 by which it is shown to drawing 1 and drawing 9 respectively. 
The bit error rate (anglerfish dead BER) of the information by which it is not coded 
at the time of attenuating the transmission power of the preamble for a 
synchronization was made into the evaluation index. 
[0031] 

Drawing 6 and drawing 7 show a simulation condition. Drawing 6 shows various 
simulation conditions. In drawing 6 SCH shows the preamble send channel for a 
synchronizationand DTCH shows a data transmission channel. 
[0032] 

Drawing 7 shows the channel model of a multipath fading channel, (a) of drawing 7 
shows an impulse response waveformand shows the thing of 12 paths. Tc is a 
cycle of one sample of a transmitting OFDM signal, (b) of drawing 7 shows the 
time delay and profit of each path. 
[0033] 



Drawing 8 shows the simulation result obtained by doing in this way. According to 
this inventioncompared with the conventional technology using the preamble for a 
synchronization quantized 1 bitit turns out in anglerfish dead BER=0.05 that the 
transmission power of the preamble for a synchronization is smalland ends only 
about 1 dB so that clearly from the figure. Anglerfish dead BER=0.05 shows 
anglerfish dead BER used as BLER(block error rate) =0.01 by the case where the 
Viterbi numerals of the rates 1/2 are used. In this inventionthe preamble for a 
synchronization for performing cross correlation in a receiver end is using a 1-bit 
thingand may be the same as the thing of the conventional 1-bit quantization as 
computational complexity of cross correlation. 
[0034] 

[Effect of the Invention] 

As mentioned abovein an OFDM communication devicealso when the electric 
power of the preamble for a synchronization is reducedaccording to this 
inventioncharacteristic degradation decreases by applying the preamble which let 
ideal LPF pass to the preamble for a synchronization for performing the symbol 
synchronization of a receiver end the transmitter sideso that clearly. Thereforethe 
communication quality which was excellent even if it reduced the preamble for a 
synchronizationin order to reduce the interference to computation time and data 
can be maintained. 
[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the composition of the outline of the 
OFDM communication device concerning one embodiment of this invention. 
[Drawing 2] It is a graph which shows the amplitude pair PDF characteristic of the 
zero amplitude reduction preamble used by this invention as compared with 
conventional technology. 

[Drawing 3] It is a graph which shows the electric power versus CDF characteristic 
at the time of using the preamble for a synchronization concerning this invention 
as compared with conventional technology. 

[Drawing 4] It is a block diagram showing the simulation model used in order to 
perform the quality assessment of this invention. 

[Drawing 5] It is a block diagram showing the simulation model used in order to 
perform the quality assessment of the communication apparatus of conventional 
technology. 

[Drawing 6] It is an explanatory view showing the conditions of the simulation 
performed for the quality assessment. 

[Drawing 7] It is an explanatory view showing the characteristic of the multipath 
fading channel used for the quality assessment. 

[Drawing 8] It is a graph which compares and shows the simulation result of this 
invention and conventional technology. 

[Drawing 9] It is a block diagram showing the composition of the outline of the 
conventional OFDM communication device. 
[Description of Notations] 
1 Preamble generating part 



3 FFT section 
5 Zero filling part 
7 Data supply part 

9 Zero insert portion 

10 Synchronizing signal generating section 

1 1 Time multipled part 
13 IFFT part 

15 GI insert portion 

17 Preamble signal supply part 

19 Cross correlation calculation part 

20 Synchronous timing primary detecting element 

21 Synchronous timing calculation part 
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[Drawing 2] It is a graph which shows the amplitude pair PDF characteristic of the 
zero amplitude reduction preamble used by this invention as compared with 
conventional technology. 

[Drawing 3] It is a graph which shows the electric power versus CDF characteristic 
at the time of using the preamble for a synchronization concerning this invention 
as compared with conventional technology. 

[Drawing 4] It is a block diagram showing the simulation model used in order to 
perform the quality assessment of this invention. 

[Drawing 5] It is a block diagram showing the simulation model used in order to 
perform the quality assessment of the communication apparatus of conventional 
technology. 

[Drawing 6] It is an explanatory view showing the conditions of the simulation 
performed for the quality assessment. 

[Drawing 7] It is an explanatory view showing the characteristic of the multipath 
fading channel used for the quality assessment. 

[Drawing 8] It is a graph which compares and shows the simulation result of this 
invention and conventional technology. 

[Drawing 9] It is a block diagram showing the composition of the outline of the 

conventional OFDM communication device. 
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10 Synchronizing signal generating section 

1 1 Time multipled part 
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17 Preamble signal supply part 

19 Cross correlation calculation part 

20 Synchronous timing primary detecting element 

21 Synchronous timing calculation part 
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ffi*OOF DMHISIOHfiCiS^St. ^lOlSgKi^ fs tt WJ tc 7 V 7 y 7 
ll ft £ 95 9 1 , f-?l«$^P9 3 > Q||$I19 5, -If a jf AS 9 7 , ffiSEig^-Uxg 10 
fiS (I F F T ) »9 5, f-hWJ-M;!' ( G I ) A ffi 1 O 1 & W x. X ^ 5 „ 
[ 0 0 0 3 ] 

* , § 11 « ffilj fC It , ^'J7yr;l/«ti!9 1 a , -tf O ff A rB 9 7 a , I F F T g|5 9 9 a 

, c i jf AnP i o i a * m 7L tc m m m m <d 7 u 7 > 7 ;b ( t x _ p r e a m b l e ) * f« 
-r 5 «■ t , ^i^^syyituau oT^i^n^, is] «b * ^ = > y t£ a sb 1 o 7 

Ci , ffi 5 ffi BB at S SB 1 oafcPUB^-fSV^WJiapi 05tl^ti^. 

[ 0 0 0 4] 

coj;54ffl«cfe^T, mum m k. ts ^ x , 7° 7 > 7 ^ ?e s ais 9 1 ^^^sn^si 

S/^-yo^'J7>7;l'f-i'fc ) -r - # f£ *o SB 9 3 3 n § Siffl f- ^ i: ^ 

H# US £ B SB (MUX) 9 5 Cfe^Tifl^l^nSo RSra^fiSftfcr-^ti, -b'offiA 20 
g|5 9 7 fc fc ^ T n g|5fS ^ £ <0 T gfr * K <- * if O tz ft -Kf p ff A (Hfnife) * ff 4 o » 
, I F F T m 9 9 K ^ T 53? ft 31 7 - 'J X ^ » % ff % =b . & »C » GI»X»10 1fC*5V» 
T. v /b ^ X T r$ % ffll J± £> 46 # - F 7 > £ - ;b (GI) § in A t < # - b > £ 
- /S ;!/ *5 «t t>* m 38 SI5 ^ *^ 5) 4 § O F D M i/ y # )\> S> 4 § ft O F D M fg % fig -r § „ 
[ 0 0 0 5 ] 

s fa «s flw fe^tti, aim«fliii:iRiu/<*->tf*«*n* a# w «a a © w «j f v 7 > r 

>\> ( t x _ p r e a m b 1 c ) l:i)St5 0 C © [BJ ffi ffl 7° U 7 > 7' (± . 7° U 7 > "7' )\> ft 
^ SB 9 1 a , -tf D ff A g|5 9 7 a , I F F T g[5 9 9 a *3 =fc If G I Jf A SP 1 0 1 a [c i o T 1 
Hit « n S o C <D «t ^ ft&fflffii&vmmmf V 7 >? ;V ( t x _ p r e a m b 1 e ) ii fg S 

♦a m it » i o 3 [cfci^T, mmmmfr zmztirz&mm^- tmnmmtfnn-g ti% „ m 30 

W * ■< X y if ft M g[5 1 0 5 {J , C O If - * ffi O fit H ^ RFf S B$ Pal fc It -> 7 b L fc fit S £ * 
46 , M JBJ ^ 5 > y -r — ^ £ ftt "T S o C n tc J; o T , O F D MiSfii iff lc It S , 3M f,i' 

[ 0 0 0 6 ] 

fc l x § ft m m x ti s fa fa % * ^ § rc ic a m * z> n m m 7 u 7 v ~r i\> c t x _ P r e 

a m b 1 e ) J± , #n»t*tU ^YtS 7 ^>^* 5 l£V^)^< Olf 7 

i: L v fflEfflMWWfflO 3 tefctf £ <D fz tb , \simm7 >) 7 y7 

ji t l x . b# fu m & <d m m m ~f u 7 y 7 >v % 1 tr -y b a ? it l t s ti w it » sb 1 03 
© ,it w :ii*Mf.tcfctff^snti/^. ( r w ^ % as it 7 x - ~y y if m m 6wso 

F DMlfi'Xf AO*^5>y'iW»SJ , S^'W^fflfl^^^^tSB, Vo 1. J 8 40 
4-B No. 7. pp. 1255-1264 2001^7t!,¥t>flil o ) 
[ 0 0 0 7 ] 

[ ft m & l <fc 9 h tsii] 

± i>E co j: -5 tc , tie * ts ffi *j ^ r , bi ® w <d m m m 7 v 7 y 7 >v t § m m % t © m a ta 
m © tt © it . m fa ^ <o m m ft ft ¥ m fB 0 © # 7 x » ^ <d tz & , ft w s tf ^ < * ffl 

< , fifot lifj J9! il) 7 U 7 y 7* ;U * 1 If -y b !,t ^ {I: L T ilJ (/^ -5 C £ tf ft! SI £ ft T 0 * 
fc , O F DMlflSICfc^Tti, ffi 5 ffi M © ft © H# H , fc <fc Bl m ffl 7° U 7 V 7" ;l/ <0 
-^OT^^Sbtftfe^ IB) «B ffl 7° U 7 V 7* ;b O fa 73 X # i> /c fg M t" § C i: tf 
IS Ll\ L tf L 4 tf 5 , ± m © «t -5 (c [B] m ffl 7 V 7 > 7" ;b ^ 1 tT -y b fc 5 7- ft L T fg ffl 
u « ^ tc t* , m m m 7 v 7 y 7 )i< <d mm Wt) * M Z ? £ ¥ v b x 5 - * ( B E R ) 4t" 50 
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[ 0 0 0 8 ] 

Lfetf?T, * 5g m it , ±.m & M&m ic %> if %> %m & ic m , mm m 7 v t > 7 <vmm 

Vli ?J £r {& M L □!;:{), M <£ 9 W 14 * ft % '> & < "T 3 C ttfttSO F D M Sfli U g ii v i 

tc fc if % •> > # )vn m -h ^ m m -r s c t * a w t -r 5 0 

[ 0 0 0 9 ] 

* siflo-BiKinii, iMfi^iigfs^^cDPEgwfBiw^fBj^fflT 0 '; r > •/ n> * s ^ r ff 

* -5 o f d m m fa & m tc *j w- 5 m m m # m m * n , §s & f§ $ « m ^ <o pi to « 7° y r>nv 

% m m \& w m m 7 << >i * & m t c tick 9 mmmwic&if % ^ v mufttecom^ i& 10 

M L T f'J 7c -tf p m W ffi M / 'J 7y 7" ;b {, ! '<J- * iM f, I 5 s - * t BJ? IliJ ^ 'Ti L T O F D M iM f, ? f, i i J 

£ f& T 3 d t*#Sit^ 
[00 1 0 ] 

c co it ^ , miaa£te«ffiffi7^^*ttA*)ffi«f*i£jaf7-'jxgs6 ( f f t ) t5FF 
t m t m. f f Ta5oa*om^a«»w±<oia»*-tfnii»-ra-ifDB«8i5i:*ft«t-« 

[001 1 ] 

* 7c > iM .iB PI! m& « iOS JM 7 ;l/ * ti S- A 7J f,l >J- <0 fn'i *f fS L T ,£ A ^ f; >J- * M ,(B I'll ft! ffi ¥ 

S o 20 
[0012] 

£ S tc , AO SB affiffi«j^:7^/l>*tt&A*te3©fflfcttffiLTKArtte***Bfl IB II ffi <S 
M 33 51 7 ;b * * M L 7c if tc f# 6 n S ffl * 3B tB L 7c -r - 7" ;I/ tc <fc o T « fiX £ ti 5 t ft 

[0013] 

A 5t w » gij CD m m t? t± > Hfj bb 3M fm £ t & &c « i,> <e> n , £ fa flw t Ir] i; ^ ^ — > o fjt ^ « p 
m « z y ? a* t & m m % t <d m n m m * * * , m. m a m m tc a -3 z m m &. m z tn -r 
spiiw^^sy^waaiJ^rmfBrao f d m a ti % b tc *s it 5 s m « a m s n § . 

[0014] 

c co t| p > flfj 8BffiStBMOi;— ffitBt^6.ms£0*-f5> ^ t£ V 7 h L fc ffi B * Rl W {4 30 
[0015] 

a % co $ & tc m <d m m t it , ai^«i:s^«fcoiBioR)Qi*iRHPiffl^ , j 7 > -r ;i/ * ^ 

TfTft^ O F DM31f3^BA^}ifW^n, gO F DMji{i^Bt±m^©[Bj»!ffl7 P U T > 7 /I 
*m®te&.Mj&7 <{ 9 £ tic £ 0 B$ PJ nM «t tc t5 § -tf P ifS ifi & <D fl ^ fig » % fg 

MLTt#rc-tr'Plgi|'lfgM7 p ';7 T y-/;l/{M^^rj||ffT f -^i:B#ra^fflLTO F D M m it, is 

^ ^ fijc -r « as ft a . fc <t t>" ft A ij t ibi i: * - > co m co pi w « 7° u t > t m m # 

[0016] 40 

ccoti^ N HU3Ea««*jaii7-f;i/*ttA^®^*iaiS7-';xa£ss ( f f t ) t? f f 

[0017] 

* ft , w ib m m i& m. mm 7 * 2 it & a ts m # <o m tc w js ltkaas^* bo «b a s fa « 

iDQ JM "7 ;l/ ^ ^ illi L fc 4i tc \\\ h tl % \\t\ * ,13 tfi L y- — 7 /I fc £ o T #J Un^C t A< T? 

t § 0 

[00 1 8 ] 

l tc fi b * m m fa b t * % t n #p a- s 5 . 50 
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[0019] 

121 1 ti , * ft BJ| CD - 'M M B t& IC % t> 3 O F D M fflj U g iff CO fit Bg CO ffl fig * ^ "T „ M 0 CD ififi {,? 

giii, astiit^'jTy^^Rsasi fc, m m y - v x g & ( f f t ) 3 t , -tf n 

■ «»5fc«Wr*iaiJW^^*J«fflJl 0 , 7* - * « *& 8P 7 , -tf n ff A rI$ 9 > B# M £ S «J ( 
MUX) 1 1 , i^^^^-Uxg:^ (I FFT) as 1 3, fc <fc # - F ^ > * - A ^ (G 

I ) ff A pP 1 5^IxT^5o 

[ 0 0 2 0 ] 

* /c . s ffl w oh fc t± , ffl s ffl in 1+ n 1 9 tiw^^^y^itsgpz 1 ^ « * it m m $ ■< 10 

5 > y & ffl fifl 20, fc cfc 11O ,E SM 1 i m OH <o X U 7 > 7* >V ft £ ffi 1 *^ffii]^ti5toJ; M 

D/^-VCDlHliffl^'J 7^7/1/ (o r g_p r e a m b 1 e) £ fig X & X U 7 > X /b 
ft&ffi 1 7%lATl^o 
[ 0 0 2 1 ] 

Bl tSSniOFDMliSlKfe^Ttt, i£ (3 « AM £ *> ^ T , H W II ^ & £ ffi 1 0 tf 
-tf a tS M <£ tf 7° >J 7 > 7 >l> iS % £ ft 4 X 3 . f "5 , 7° U 7 v X ;b ft 3= m 1 tf 14± «g S 
ft 5 m /£ ^ £ - > co fe 05 "7° U 7 y X )l> m ( o r g _ p r e a m h 1 e ) tf F F T g[5 3 

*s «fc tf -tf a if t ^ 5fr^i« pi! mi& w. m y ■< )\> z ( pi! m l p f ) tffijesns. c co ph 

j£B L P F (± , t £ CO 7 s »J 7 > 7' ;l/ ffl m *k F F T g|5 3 *5 1^ T , iS ii 7 — U X ^ $ L fc f& > 
m^oiffia*J«J:*3Su^ja»»oj«5'>*-ifnB«-ra5ii:teJ:t)^3S*n*o X ft ft . 20 
Pfr S co IS] & St « ± co m 2ft » to fig # % -tf n B ffi X S C t lc «fc t) S ffi L P F*^ffi?ft5. 
[ 0 0 2 2 ] 

* ti > 31 ffl W »C « > ClOivftlSL P Fli. SAftltOlCWJSl/TKXAif %1 
1L P F * m L /£ ii ^ f# 6 ti ^> tf ft IE If. L ft x - 7* ;!/ T W fi3t f « C t t' J 5 » C <D «fe 
o ft -r - 7" A/ ill v> T , § A TJ U 'i CWtS tb ^ f,i 'J- ^ W S i 5 fflrtt * c i: K J: O , 
g! m ft 4R fig T » i£ JS co m ^ PJ ffi L P Fi^lticfctfTS?. 

[ 0 0 2 3 ] 

L<Di7icLTj!i5nft«pi«ffi«7 , U7>7' a ft *t x ti , m p B i ] ^ a m 1 icwesn 

tSe*SW4:RI«K, -tf n tf A ff ft o B# IHI ^ fi l l tc « *& £ ti , ± IS -tf a S M ffi 30 
7>; 7y/;Ki§x tufH^lJtiSo c<OB#ffi^fi$ti^:(i#{i, i f f t g|! i 3 i: te 

U> T 535 il'S isk 7 — 'J x ^ m m ff ft , tf o G I tf A !'?|3 1 5 fc V T 13 - K -T > £ - ^ ^ ^ ffl 

At 5, c ti t i o t > lio f DMi§*Mi^n§„ 

[ 0 0 2 4 ] 

s fs «i \u v it x c co «t 5 ^ l t f# e> n rc m m o f DM<a^*H?aoifflf3f- + *^*^LT 
§Mt5i:iiaofHH^^i5„ c co § fg fs ^ u , ffl u ffl m «+ W » i 9 ids^T , m 

m m T-mm L P F %m-?m<D 1 ¥ -y h tDmmmzf V T 1/ y~ !l ( o r g _ p r e a m b 1 e 

o I'd wi * -f s y y ,it n «z i a, c co tf - ^ fid co {& i. v { tf 5 m & 2 << 2 > y /c w •> 7 h l fc 
fs h * m m fi s i: l t s m + % „ ctnaot> s m m m t § m ® m t <o > # ;ns] w tf 40 

it J* T # * „ 
[ 0 0 2 5 ] 

12 !i, * ft Bfl co O F D M Si {g S ■ (C *j T ffl ^ ft § -tf a jS *S ffi tf 7° U 7 > 7" ;l/ fi t 
s «*a*B»C*lt*|BIWfli^yr>^;l/ffl#OiH«*tPDFl#1t«:^-r. CCT, PDF 
tifl-$f SiiTSSo 0 2 tf e tf ft cfe o fc , * ft h^] fc t> 5 [b] ^ ffl 7° U 7 > 7 ;l/ 
tt*«t»i: Jt «! L T -tf a iff 0J co U '■} fig » tf '> ft < ft o T ^ 5 . L fc tf o T . R BJr 4^ + V 
7M 7 -1- X J± (CNR) tf^L<M<ft5fit*tftf5i:tiPJ^ft, [hJ m ffl 7° "J 7 > 7" ;!/ © 
iM {f « 7J ¥1 tf T- # § "J ftg 14 tf * « o 
[ 0 0 2 6 ] 

£ fc, 13li> * ft Bfl co -tf a ti « (fi tf X U 7 > 7* ;b fg >i% t . {£ * O |W| m ffl X U 7 > X /b {g 50 
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^kot ^tcWt5S«»*Mft (CDF) <o m % * & f o :OB«fr6fl6frfti5lc 
[0027] 

*«WO%S*fi£*affii:i±«LT«8g-rafc*, H4t5«ttfH5li:/7Sti5'>5aI/- 
H 4 ti , *«WKftb5*fi8*«t5Ii81©'>5a y^r^SSto 0 4 <D 

m fig tc * ^ r , as ft « a s ei i tc * s n 5 m m m m vmrn <w (omAtu tf 1; t? 1 * 0 > 7 

U T > y ;U 56 £ SB 4 1 . F F T gB 4 3 , -tf n B S! SP 4 5 , r-?<SSSS4 7, Q P S K « 

i §M 8 , if o |f A §P 4 9 , H ^ ■ SI* 5 1 , I F F T 613 5 3 s So <t Xf G I ffl A SB 5 5 * 10 

f/ifi * T ^4 o ft Ti L > 7 s - £ « *g SB 4 7 £ «tf n ffl A SB 4 9 <D I1U tCQPSKl ,IN SB 4 8^ 

[ 0 0 2 8 ] 

tt±oj;5sa4 co as fa n <mu <d is * m m *r s » tc , v ;b ^ x 7 x - v y ^ ^ * % & 

57, /jn©^59, &&m^ (AWGN) 1 , ^ ?ltli» 6 3 , GI 

Rft 5fe SB 6 5 , F F T p|5 6 7 , QPSKSi^69, 6«fctf7y3-f7 KB E R|t»*7 

[0029] 

la 5 cd se * ffij <d ^> 5 a u - v a y * ? >i> t? ti > as « cu nsiji2H9o2S{i« w <d w & t « 

(C, y U 7 > 7 ;l/ % * SB 7 3 , ^ - £ {« 3& SB 7 5 , Q P S Kf IS7 7 , P# m& £ SB 7 9 20 
, -t? a }f A 815 8 1 , I F F T SB 8 3 , fcitf G I BA»8 5 5:I^T^5o 4 So , m 5 lc 
So ^ T , f-?fR»917 5 t B# IB] ^ M SB 7 9 £ <D fUHc Q P S K l£ 3N SB 7 7 tt t> ft T 
l^CtAMiJhT^So c <D cfc 3 ft ft « fl'J 6 m # * S tt T W fffl *T 3 SB » <0 tit /£ El 
4 |s] U T & 0 , PJ i; # R8 ft^TSStlT^io 
[ 0 0 3 0 ] 

/c fi L > g4fci^l5(?), lRlW^-r5>y*mSB6 3«, fhf hB 1 fiiffB 9 
SniiW^-T 5>y«Hi»2 0 6<ttf 1 O 7 fcWCifStLT^io Sft, HWffl^U 
T > ;b O ^ IS S ^ # M 8 2 ^ *I ^ <D ^ ( 
T>a — -r-yKBER) *Wffiflt«fcLfeo 
[ 0 0 31] 30 

tt?:^t 0 ft *3 , EI 6 \C fc U> T S C I It± M IP] )\\ 7° U T y y )\> JM f, i ^ ^ ^ * ;b ^ ^ L > D T C 
H (± x — * it =f~ -V * ;V €: ^ "T o 
[ 0 0 3 2 ] 

8 7liv;I/f ;U7x-^>yf +*;l/ ; Ef;l/4Sta g] 7 CD ( a ) t± , -< > 

;b X j£ S ft «r ^ L , 1 2/U(Dt>(0*Sin^o ft fc , T c (4 . iM fS O F D Mffl§ 
(DlU-vy;KOaffl?ft«o S/c. 0 7 O (b) ft/^XOaigNpMfecttfW?***^ 

o 

[ 0 0 3 3 ] 

m 8 j± , c cd £ 5 tc l t f# 5 n ^ i/ s n u - 5/ 3 > *s * * ^ 0 IrI m z m z & ft «t -5 tc 40 
, * a wit j; n ia\ 1 M^fti/c^iffiffl^u 7>7;i/^fflt^^* a a? t tt ^ t , 

T y U — t y K B E R = 0 . 0 5(Cfet>t, fi 1 d B/J»WffifflyU 7>7;KOSI«* 

< T & c i: # S o ft *5 . 7>n-f7FBER = 0. 0 5(i, 1/-H/2 

cD If ^ tf fJ^^ffi^/c^ p T> B L E R ( 7" n y ? M 0 * ) - 0 . 0 1 t ft 5 7 > a - f* 

»y KB E R^/TnLTI^o ft So , * W T « , S ft tt W lc *5 ^ T tB £ ffl R8 * ?T & 5 

46 a) In] )tf] )IJ 7° U 7 > ;l/ ti 1 If »y h CO t CO * fig ilJ L T So 0 , +11 U. +11 13U <D »ft J7 m< L T ti 

* cd i \£ v hm?it<Dt><DtmuT&^o 

[ 0 0 3 4 ] 
[ « W CD $J * ] 

ttifr^5frft«k3lc^ * « W tc J; n ti\ O F DMliSltCfc^T, 3^ ft « fH'J t S « 50 
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tt fid <d i/> m ffl * ?t ft r> it #> <o m m m ? v r > ? >v m m l p f # m t tz -? u t > -r 

)V^Ifflt«ctt\ m m ffl 7 'J r ^ 7 ;i> <d m ti * m M L ft »c fc ft # ft '> 4 < ft 

5 o LfctfoT, It M B# Pal ts «fc XS : -r - 2 'n CO T » * M 5 t 46 K ffl KJ ffl 7° U 7 > "7* ;l/ % M 

6 LTtfinftifllli i'u 1 , fctfftS. 

[ IH 1 ] *ft«0-*ifl5J8tflStJ« 0 F DMHI8lOllllSO*«%St7n-^0-C 

[ 121 2 ] * % B£ T ffi ffl 5 n 3 -tf a *g ti i& W. -f V T > 1 >l> <D M *B W P D F ft 'It % , U£ * JS tfi 
J: it $5 L T 1" y 7 7 T $ 5 0 

[ in 3 ] *awfc«t>*iai)Wffl7 r U 7y7;^«fflLft«§ot*»c d f 1* 14 * « * ft 10 

ffi Jt « LT*ty57T*5. 
[ 121 4 ] * fg B£ © 14 ftg ffi & ft ft 7 Tz *b IC m m b tz is 5 i \y — is a y*f;^/Tt7n 7 

[05] ffi*atfioaiSiOtt*»ffi*ff45fc»tfl!lLfcf 5 a U - v 3 > * "T >\> 

% f 7" a -y ^7 I21 T* & % „ 

[06] tt fti fffi tO fd 46 fC fr ft o tz is 5 a. U- - is H > <0 fk # ^ S f IK B£ 0 t? & £> 0 

[07] tt |g I? tt w /i a6 C fs£ ffl L /: v ;l/ f / U 7 x - -7' 7 y f t ^ ;b <D ft 3: tk t M W 0 

T & o 

[08] * ft 0£ i: t£ * S ffi 4: <£> "> 5 ^ U - ~> a yfiSftJtK L t St ^5 7 tf *5. 

[B9] «*OOF DMli8lOl*Oi)S*wt^Ciy *BT*5. 20 

[ ft ^ <o 9? ] 
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[16] 
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